Background: An association between chronic obstructive pulmonary disease (COPD) and tuberculosis (TB) has been described, mainly due to smoking and corticosteroid use. Whether inhaled corticosteroid (ICS) therapy is associated with an increased risk of TB remains unclear. Methods: We selected COPD cases by using six diagnostic scenarios and control subjects from a nationwide health insurance database, and applied time-dependent Cox regression analysis to identify the risk factors for TB. Results: Among 1,000,000 beneficiaries, 23,594 COPD cases and 47,188 non-COPD control subjects were selected. Cox regression analysis revealed that age, male gender, diabetes mellitus, end-stage renal disease, and cirrhosis, as well as COPD (hazard ratio = 2.468 [2.205-2.762]) were independent risk factors for TB. Among the COPD cases, those who developed TB received more oral corticosteroids and oral β-agonists. Time-dependent Cox regression analysis revealed that age, male gender, diabetes mellitus, low income, oral corticosteroid dose, and oral β-agonist dose, but not ICS dose, were independent risk factors for TB. The identified risk factors and their hazard ratios were similar among the COPD cases selected using different scenarios.
Background
Tuberculosis (TB) is a major cause of death worldwide. The World Health Organization estimated that there were 8.7 million new cases of TB in 2011 [1] . The risk factors for TB included age, male gender, low socioeconomic status, malnutrition, substance abuse, silicosis, human immunodeficiency virus infection, malignancy, diabetes, renal disease, celiac disease, gastrectomy, transplant, and receiving corticosteroids and tumor necrosis factor inhibitors [2] [3] [4] [5] [6] [7] . In addition, an association between obstructive pulmonary disorders (i.e. chronic obstructive pulmonary disease [COPD] and asthma) and active TB has been described, mainly due to smoking and corticosteroid use [7] .
COPD is an airway inflammatory disease with a high prevalence rate worldwide [8] , ranging from 8.2% in China, 10 .9% in Japan, 19 .6% in USA, 23 .8% in South Africa to 26 .1% in Australia [9] [10] [11] [12] [13] , It is a major health burden both in developed and developing countries. Inhaled corticosteroids (ICS), along with long-acting β-agonists (LABA), are currently recommended for patients with severe COPD with repeated exacerbations [8] . ICS therapy has been shown to predispose COPD patients to pneumonia in large randomized clinical trials [14, 15] . Causative microorganisms of pneumonia, however, were not described. Although the systemic administration of corticosteroids is a known risk factor for TB [7] , whether ICS therapy is associated with an increased risk of TB has yet to be elucidated.
A previous study on patients with COPD confirmed by pulmonary function testing suggested that the use of high-dose ICS, defined as an equivalent fluticasone dose >500 μg per day, is associated with the development of pulmonary TB in endemic areas of TB [16] . A nested case-control study using a cohort of patients with airways disease in the Quebec database also revealed that exposure to ICS was associated with an increased risk of TB in patients not receiving oral corticosteroids [17] . In both studies, the results of Cox regression analysis may not truly reflect the impact of ICS exposure, as time-dependent analysis for the variable intensity of exposure was not performed and the consumption of respiratory medications other than ICS and oral corticosteroids (OCS) was not considered. In addition, due to a lack of data on pulmonary function testing, the severity of airway obstruction was not determined and stratified in the latter study.
The National Health Insurance (NHI) program of Taiwan is a mandatory universal health insurance program, offering comprehensive medical care coverage to more than 95% of the residents of Taiwan since 1996 [18] . In this study, we used the NHI database and applied time-dependent Cox proportional hazards models to identify the risk factors for developing active pulmonary TB with a special emphasis on the influence of COPD and its medications.
Methods
The Institutional Review Board of National Taiwan University Hospital, Taipei, Taiwan approved the study and waived the need for informed consent due to the retrospective design (NTUH IRB: 201106091RC). The study comprised of two parts. First, COPD cases and control subjects matched in age (within 5 years), sex and timing of entering the database were selected (1:2 in case numbers) from the Longitudinal Health Insurance Database (LHID) 2005, a subset database of the NHI program. The characteristics of the LHID 2005 have been described previously [19] . We studied the influence of COPD as well as other co-morbidities on the risk of developing TB. In the second part of the study, the effect of COPD medications on the risk of developing TB was investigated with a time-dependent approach among patients with COPD. All selected cases were followed until commencement of anti-TB treatment, December 31, 2007 , or lost to follow-up (canceled health insurance prior to December 31, 2007) .
Selection criteria of COPD
Because of the wide spectrum of the clinical presentation of COPD, the ambulatory care and inpatient discharge records were analyzed to identify COPD patients from 1996 to 2007 using six different selection scenarios combining diagnostic code, duration and interval of medical visits with compatible diagnoses, prescriptions, and age of onset. The selection scenarios of COPD started from a loose criteria and gradually narrowed down to severe COPD requiring multiple medications and out-patient visits (scenarios 1 -6 in Figure 1 ). The compatible COPD diagnoses included International Classification of Diseases, ninth revision, clinical modification (ICD-9-CM) codes 490-492, and 496, and A-code A323, A325. Prescriptions for COPD were defined as at least two COPD-specific medications or one COPD-specific medication plus at least one airway medication(s) during a period of 90 days. The COPD-specific medications included prescriptions containing corticosteroids (inhaled, oral or parenteral), β-agonists (long-acting or short-acting; inhaled or oral), anti-cholinergics (ipratropium or tiotropium), aminophylline, and theophylline. Airway medications included oral antitussives, mucolytic agents, and sympathomimetics.
Patients who developed active TB prior to or within 180 days following the onset of COPD were excluded. The number of selected COPD cases in each scenario and the subsequent events of active TB during follow-up are shown in Figure 1 . The index date was defined as the date of first visit or admission with a compatible diagnosis for the COPD cases, and the corresponding date after entering the LHID 2005 database for the control subjects. COPD patients with an index date prior to January 1, 1997 were excluded to ensure an observation period of one year to monitor active TB treatment or diagnosis. Patients with a follow-up duration of less than six months after the index date were also excluded to ensure a sufficient observation period to confirm the subsequent development of TB.
Acute exacerbations (AEs) of COPD were defined as emergency department visits or admissions with compatible COPD diagnosis codes, plus a prescription of systemic corticosteroids. An exacerbation occurring within 7 days following a prior AE was considered as a continuation of the prior episode.
Definition of active TB
Based on our previous publication [19] , active TB was defined by at least two ambulatory visits or one inpatient record with a compatible diagnosis (ICD-9-CM codes 010-012, and 018, and A-codes A020, A021), plus at least one prescription consisting of three or more than three anti-tuberculous drugs. There should be prescriptions of at least two anti-tuberculous drugs simultaneously for 120 days or more during a period of 180 days. The anti-tuberculous drugs included isoniazid, rifampicin, ethambutol, pyrazinamide, prothionamide, terizidone, streptomycin, kanamycin, quinolones, cycloserine, and aminosalicylic acid. For patients with end-stage renal disease, the prescriptions were adjusted according to treatment guidelines [20] . The TB notification rates using these diagnostic criteria for each COPD selection scenario are shown in Figure 1 . The number of TB cases identified in each step among COPD patients selected by scenario 5 was demonstrated in Figure 2 .
Comorbidities
Malignancy, diabetes mellitus, end-stage renal disease, pneumoconiosis, liver cirrhosis, autoimmune diseases, and acquired immunodeficiency disease were identified according to our previous publication [19] . The low income group was identified from the insurance status and required the annual household income to be below 4500 US dollars [21] .
Statistical analysis
The prescription duration of individual drugs was converted from the claims data according to the defined daily doses [22] and grouped according to their pharmacological categories. Inhaled and systemic corticosteroids were converted to equivalent doses of budesonide 800 micrograms [23] and prednisolone in grams [7] , respectively.
Inter-group differences were compared using the independent samples t-test for numerical variables and chi-square test or Fisher's exact test for categorical variables as appropriate. Curves of time to commencement of anti-TB treatment were generated using the KaplanMeier method and were compared using the log-rank test.
The effects of COPD and other co-morbidities on the risk of developing pulmonary TB were compared between the COPD patients and control subjects using the Cox proportional hazards model. Among the COPD patients, a time-dependent Cox proportional hazard model was applied to investigate the effect of co-morbidities and respiratory medications on the risk of developing pulmonary TB. The variables in the analysis included sex, age, the prescribed dose of each class of respiratory medication, and comorbidities. Each time-dependent drug prescription was determined as the total prescribed dose from 360 days to 90 days prior to each outcome event. An average dose of ICS ≥ budesonide 800 microgram per day during the period were defined as high-dose ICS.
The prevalence of smoking was much lower among female COPD patients (24.2%) than that among the general COPD patients (82.4%) in Taiwan [24, 25] . To explore the confounding by smoking, sub-population analysis focusing on males and females separately was conducted.
Basic model-fitting techniques, including variable selection, goodness-of-fit, area under the receiver operating characteristic curve, adjusted generalized R 2 and regression diagnostics (residual analysis, detection of influential cases, and check for multicollinearity), were applied to assure the quality of the multivariate analysis. Significance levels for entry and stay were set at 0.15. A two-sided p value of less than 0.05 was considered significant. All analyses were performed using SAS software (SAS Institute Inc., Cary, NC, USA).
Results
Among the 1,000,000 beneficiaries in the LHID 2005, 23,594 COPD cases were identified, and 47,188 non-COPD subjects matched for age, gender, and timing of entering the LHID 2005 were selected as the control group. Their clinical characteristics are summarized in Table 1 . The mean age of the COPD cases was 54.5 ± 22.9 years with a male-female ratio of 1.6. The COPD group had a significantly higher risk of developing TB than the control group (2.9% vs. 1.2%, p < 0.001 by the chi-square test), which also resulted in a shorter duration of follow-up for the COPD group. Curves of time to commencement of anti-TB treatment of the two groups were obvious separated as calculated by the log-rank test (Figure 3 ). The most common underlying comorbidities in the COPD group were diabetes mellitus and malignancy. The COPD subjects were more likely to have lung cancer and autoimmune diseases. Furthermore, more COPD subjects had a low income compared with the control subjects.
Cox proportional hazards regression analysis including all of the variables listed in Table 1 for the 23,594 COPD cases and the 47,188 control subjects revealed that COPD was an independent risk factor for developing pulmonary TB (hazard ratio = 2.468 [2.205 -2.762]) ( Table 2 ). We also found that increased age, male gender, diabetes mellitus, end-stage renal disease, and liver cirrhosis significantly increased the risk of developing pulmonary TB. In the sub-population analyses focusing on males and females separately, COPD remained an independent risk factor associated with pulmonary TB in either genders with a similar hazard ratio (Table 3) .
Among the COPD cases selected under scenario 5, those who subsequently developed pulmonary TB were older (mean age 65.9 ± 11.4 years) and had a higher male-female ratio (3.5) than those not developing TB (Table 4 ). The mean interval between the index date of COPD and diagnosis of TB was 4.6 ± 2.6 years. During follow-up, the prescribed medications and number of AE episodes are presented in Figure 4 . The COPD patients who subsequently developed TB received more oral β-agonists and short-acting muscarinic antagonists than those who did not develop TB, while the ICS dose was similar in the two groups. The number of AE episodes and consumption of OCS and LABA were initially similar in the two groups, but later increased more rapidly in those who subsequently developed TB.
Univariate time-dependent Cox regression analysis for the risk of developing pulmonary TB in the 23,594 COPD patients selected by using scenario 5 revealed that age, male gender, diabetes mellitus, and low income status were risk factors. OCS, oral β-agonists and ICS dose-dependently increased the risk of developing pulmonary TB (Table 5) . In multivariate analysis, however, the effect of ICS became obscured. Adding ICS into the multivariate model produced a minimal effect on the other co-variables. Although high-dose ICS was also significantly associated with pulmonary TB in univariate analysis, it was not an independent risk factor and had no effect on the other co-variables in multivariate analysis if using this categorical variable to replace the continuous variable -ICS. The independent risk factors for TB and their hazard ratios in the COPD patients selected under the six different scenarios were similar ( Figure 5 , Tables 6 and 7) .
Discussion
The present study has three important contributions and findings. First, we found that COPD patients were more likely to develop pulmonary TB than non-COPD subjects under a wide variety of diagnostic scenarios for COPD (scenarios 1 to 6, Figure 1 ). Second, ICS was not a risk factor for developing active pulmonary TB among COPD patients after considering important clinical characteristics and other prescriptions. Third, COPD patients who received higher doses of oral corticosteroids and oral β-agonists were more likely to develop active pulmonary TB. In univariate analysis, ICS dose-dependently increased the risk of developing pulmonary TB. Given that COPD is characterized by persistent and prominent airway inflammation and progressive airflow limitation [26, 27] , several randomized trials have demonstrated that ICS, with or without concomitant use of LABA, could improve pulmonary function and reduce AEs in patients with severe COPD [15, 28] , although it was associated with an increased risk of pneumonia [14, 15] . Though the reported data are inconsistent, there is increasing evidence that long-term use of high-dose ICS may have systemic side effects such as cataracts, adrenal suppression, skin changes, and osteoporosis [29] [30] [31] , and attenuate the adaptive immunity of the airways [32] . The latter complication can be more serious in TB-endemic areas, since suppression of the essential defense mechanism against M. tuberculosis in the airway and lung parenchyma may increase the risk of active pulmonary TB [16, 17, 33] .
Systemic corticosteroids have been demonstrated to improve arterial hypoxemia and reduce the risk of treatment failure and length of hospital stay in AE of COPD [34, 35] . In this situation, ICS alone may have a similar benefit while minimizing the side effects of systemic corticosteroids [36, 37] . Therefore, ICS use in COPD patients may reduce the overall requirement of systemic corticosteroids by improving symptom control and preventing AE and hospitalization [15] , resulting in a reduction in the risk of nosocomial exposure and the subsequent development of active TB. This probably explains the finding in the present study that the effect of ICS on the risk of developing pulmonary TB became insignificant when other factors, such as underlying comorbidities, OCS and oral medications were concomitantly considered in the multivariate model. The finding that ICS use did not increase the risk of active TB in COPD patients is in contrast with a previous report from Taiwan [16] and the conclusion of a study using the insurance databases of Quebec [17] . In both studies, the average doses of OCS and ICS within a certain period of time were used to determine the intensity of drug exposure. Identification of COPD cases and the corresponding index dates in the Quebec studies depended on the prescription history of COPD medications. Therefore, their results may have been biased because drug usage usually varies with time, and a marked increase in drug usage may have been recorded at the initial COPD diagnosis which then fluctuated with the natural course of disease progression (similar to Figure 4) . A better approach is to use a time-dependent covariate to represent the usage of each drug. In addition, although respiratory medications other than ICS and OCS have never been reported to increase the risk of TB, increased usage of these drugs as well as an increasing number of AE episodes may imply ICS were converted to the equivalent dose of budesonide 24 mg. Time-dependent Cox regression analysis for factors possibly associated with the development of active tuberculosis in cases of chronic obstructive pulmonary disease selected under scenario 5. Figure 5 Hazard ratios for developing tuberculosis. Hazards ratio (marked circle) and its 95% confidence interval (horizontal error lines) of each independent risk factor for developing active tuberculosis (TB) among cases of chronic obstructive pulmonary disease (COPD) selected under different scenarios. more severe COPD, requiring more frequent out-patient visits and hospitalization. These may increase the risk of infection by Mycobacterium tuberculosis and the subsequent development of active TB [38, 39] . However, in the two studies, usage of respiratory medication and the number of AEs were not considered in the analysis.
The findings that age, male gender, diabetes, and receiving oral corticosteroids were risk factors for TB is consistent with the findings in prior literature [2, 40, 41] . Of note, the present study is the only cohort study conducted in a large general population controlled for a broad range of comorbidities, pharmacological and socioeconomic confounders in a time-dependent analysis. The frequency of AEs, which served as surrogate factors representing COPD severity and the risk of nosocomial TB exposure, remained significantly associated with the development of TB after adjusting for baseline clinical characteristics and the effect of corticosteroids in COPD patients selected under scenarios 1 and 2. However, the frequency of AEs became insignificant under scenarios 3 to 6, probably due to the reduced sample size. Furthermore, the association of increased use of oral beta-agonists and muscarinic antagonists to active TB suggests that the deterioration in pulmonary symptoms requiring increased medication could be a reflection of the development and progression of pulmonary TB. Therefore in TB endemic areas one should suspect TB when patients with chronic respiratory diseases deteriorate.
Smoking, the most important risk factor for COPD, has also been demonstrated to be associated with pulmonary TB [42] . Because the smoking status is not available in the NHIRD, it is possible that some of the effects of male gender on the development of pulmonary TB observed in present study are through the effect of smoking. However, if that were true, the hazard ratio of COPD for subsequent development of pulmonary TB should be higher in male sub-population than that in female counterpart since the prevalence of smoking was much lower among female COPD patients (24.2%) than that among general COPD patients (82.4%) in Taiwan [24, 25] . The findings that COPD has a similar impact on the development of pulmonary TB in both genders suggest that the effect of COPD on the risk of pulmonary TB observed in the present study should not be completely attributed to smoking.
There are several limitations to this study. First, mycobacteriological results, pulmonary function tests and radiological findings were not available. Therefore, it is impossible to confirm the diagnosis and determine the severity of pulmonary TB and COPD. However, by using different scenarios to select COPD cases, our analysis showed that the identified risk factors for TB were very similar, if not completely the same, in a large and diverse population. We believe our conclusions can be applied to the management of COPD since the findings were generated from a national insurance database, which is a record of medical practice in the real world. Second, because COPD patients in Taiwan have a high prevalence of pulmonary colonization or infection by non-tuberculous mycobacteria (NTM), a very long duration of anti-TB treatment was chosen as one of the diagnostic criteria for pulmonary TB in the present study to exclude patients who received empiric treatment for TB and was later proven as NTM or other pulmonary diseases. However, by applying the very strict definition of TB, the incidence of active TB may have been underestimated because of default and early mortality. Third, the interpretation of the causal relationship between COPD and TB based on their temporality is difficult because COPD may be a complication of TB [43, 44] . However, this may not be a serious concern because the trend of an increasing risk of TB persisted even after 10 years ( Figure 3) . Lastly, the estimation of drug exposure may have been biased since information on drug adherence was not available in the national insurance database. Further large-scale prospective studies are needed to address these issues.
Conclusion
COPD patients are at high risk of developing pulmonary TB, especially those frequently receiving oral corticosteroids and oral β-agonists. Although ICS therapy has been shown to predispose COPD patients to pneumonia in large randomized clinical trials, it does not increase the risk of TB in real world practice. The selection criteria for COPD and TB defined in the present study may be helpful in further research using health insurance databases. 
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